One of the traditional methods to assess the quality of the coating on the steel bridge surface is calculating the ratio of rust to the total area of coated surface. In North America, digital image processing has been applied on quality assessment of steel bridge coating since late 1990s due to the difficulty of rust area quantification by human vision. Most of the previously developed systems segment images into two groups, rust and background, before assess the rust ratio. These systems are usually lack of the ability to recognize the intensities of rust. In order to provide a flexible assessment, one pioneer method called adaptive ellipse approach (AEA) was proposed in 2009 to classify the images into three groups, background, rust, and mild-rust. However, even the three-group system is still weak at describing gradually changed colors and thus unable to classify those colors automatically. In this paper, we segmented the image into several clusters based on the similarity of colors, and used the root-mean-square standard deviation (RMSSTD) to measure the similarity of each cluster. Artificial Neural Networks was applied to choose the best number of clusters based on the values of RMSSTD. This paper models a rust intensity recognition approach to choose the most suitable number of clusters for describing rust intensities, trying to overcome a hurdle that two-or three-group systems could not resolve.
INTRODUCTION
Bridges are very important infrastructure facilities in a country. Among the various bridge types, steel bridges are popular due to their relatively light weight, ease of construction, and short building period [1] . In Taiwan, an island full of mountains and rivers, the government needs not only to build new bridges, but also to take care of more than 14,000 existing bridges that are in need of maintenance and repair [2] .The intensive strikes of natural forces like typhoons and earthquakes in the recent years specially urged the Taiwanese government to conduct a comprehensive bridge health monitoring and assessment to ensure the safety of transportation.
One of the traditional methods to assess the quality of the coating on steel bridges surface is calculating the ratio of rust to the total area of coated surface. The American Society for Testing and Materials (ASTM) classified coating defect into 10 degrees according to the percentage of defected coating in the total coating area; for each degree of coating defects, it provides suggestions on how to rectify the defect [3] .
However, it is difficult to determine rust zone and quantify the ratio by human vision. Digital image processing, therefore, provides a method to assess the rust defects and to identify objective and agreeable results for a maintenance organization to rely on. In North America, image processing for steel bridge coating inspection has been used since late 1990s [4] [5] [6] [7] .
Most of the previously developed systems segment images into two groups, rust and background, before assess the rust ratio. However, they are usually lack of the ability to recognize the intensities of rust defects. In order to provide a precise assessment, Yang et al. [7, 8] 
REGIONAL CLUSTERING
The objective of image segmentation is to partition an image into multiple groups so that objects could be identified and the image could be easily analyzed [9] .
Clustering analysis is one of the image segmentation techniques to groups multivariate objects into several partitions based on the similarity measure, such as distance between colors. Although clustering analysis is applied in image segmentation, its procedures often faced one unavoidable problems [10] , defining the number of cluster.
Most of the previously developed steel bridge surface assessments grouped images into two clusters, rust and background. Yang et al. latterly classified the images into three parts: background colors, rust colors, and non-defined colors. However, these methods are lack of the ability to recognize rust intensity automatically, as the number of image clusters has been fixed.
In order to provide a flexible assessment, Chen [10] used the root-mean-square standard deviation (RMSSTD) [11, 12] , defined in equation (1) (1) where k denotes the number of clusters and S 2 j means the sample variance of cluster j. In order to avoid too many trivial groups, Chen chose the largest difference of the RMSSTD value between n and n-1
clusters as an appropriate number of clusters, n. judgments [13] . ANNs has better capability to solve nonlinear problems and the problems which are hard to be defined by mathematical equations [7] . In this section, the training of the ANNs and the framework of RIRAN will be presented.
Training of ANNs
The ANNs plays an important role in the rust intensity recognition approach. It automatically generates suitable number of clusters to segment rust images. Fig. 4 shows the training process of ANNs.
To start, all pixels of a color image will be grouped into 2-10 clusters by K-Means algorithm based on the similarity of pixels under RGB space. We then used equation (1) to calculate the RMSSTD values of each number of clusters.
The series of RMSSTD value was the input to the ANNs.
Afterward, the questionnaire was set as the target value of the best clustering number of images. By comparing with the target value, the output from ANNs was adjusted. The main chemical compounds consisting rust are either FeOOH or Fe2O3．3H2O [15] . It is possible to define the rust in a specific color range by its color feature because the color difference between or within the two compounds is not significant. In order to define an appropriate color range for rust, we collected a set of sample color of rust. In this research, we collected several bridge images and cut off rust area by naked eyes. Pixels of these rust areas were collected in rust database. The color spectrum of the rust database is shown in Fig. 7 . These data have been collected as a specified color range to define the color range of rust. Fig. 7 Color spectrum of rust database.
We then evaluated the 'average' color of the set. The average would be the center of the specific color range. By determining whether the 'average' color of a group is within the specific color range or not, we could classify each group in an image. The group was classified as rust if it's 'average' color was inside the specified color range.
Afterward, the rust percentage can be calculated after identifying rust groups.
EXPERIENT RESULT
This section shows the power of RIRN, and compares it with the results of clustering based on statistical analysis. The capability of rust intensity recognition of RIRAN is better than that of statistical analysis. RIRAN has power for classify the rust images into suitable number of clusters for describing gradually changed colors automatically.
CONCLUSIONS AND DISCUSSION
The present report applied RMSSTD and ANNs to establish a rust intensity recognition approach, called RIRAN, for steel bridge surface coating quality assessment. Although RIRAN is capable to describe gradually changed colors automatically, the rust segmentation is still based on K-Means algorithm, which is powerless to deal with images under environmental conditions such as nonuniform illuminations, low-contrast digital images, and noise on painting surface (Lee 2005 ). Instead of K-Means algorithm, it will be interesting to apply Box-and-EllipseBased ANFIS approach [16] or Support-Vector-MachineBased Method [17] to recognize the defects and assess the rust ratio. Both methods have better performance than KMeans in non-uniform illumination conditions. Despite this limitation, RIRAN is proven to be an effective and flexible method for steel bridge coating rust intensity assessment.
